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S2. Fits of A(T ) and τ (T ) to photo-excited e-h pair relaxation model
Analytical expressions for the temperature dependence of the amplitude A(T ) and relaxation time τ (T ) of the reflectivity transients of a fully gapped (nodeless) system below its gap opening temperature were derived in Ref. [1] and are shown below.
Here F is the fluence of the pump pulse, k B is Boltzmann's constant and γ is a phenomenological fitting parameter. Although the derivation was made in the context of the recombination of quasiparticles across a superconducting gap, the same formalism extends to and is often used to describe the recombination of electron-hole pairs across an insulating gap.
To fit the data shown in Fig. 1b To extract the amplitude A DW , temporal period τ DW and damping rate Γ of the low frequency reflectivity modulations in metallic (Sr 1−x La x ) 3 Ir 2 O 7 , we first subtracted a smoothly decaying background from the reflectivity transients and then fit the residual to a damped sinusoid of the form A DW e −Γt sin(2πt/τ DW + φ), where φ is a phase offset. Fits were constrained to the delay interval between 1.5 ps and 6 ps. The quality of fit for the x = 5.8 % sample measured at 10 K is shown in Fig. S2 , which is typical of all other temperatures and doping levels studied. subtracted reflectivity transients at different fluences to a damped sinusoid using the procedure described in section S3, we found that both the amplitude A DW and period τ DW of the reflectivity modulations increase monotonically with pump fluence (Fig. S3d) . This is consistent with amplitude oscillations of an electronic order parameter and contrasts with the pump fluence dependence of the A 1g phonon mode, which grows in amplitude but does not noticeably shift in frequency as the pump fluence is raised. The temporal period τ DW of the low frequency reflectivity modulations in metallic (Sr 1−x La x ) 3 Ir 2 O 7 is similar across all doping levels studied for any given temperature. As an example, Fig. S4 shows traces from metallic samples with the lowest (x = 2.7 %) and highest (x = 5.8 %) doping levels measured at 100 K. It is clear from the raw data alone that τ DW is very similar for the two doping levels. We compared these traces more quantitatively by subtracting a decaying background as described in section S3 and then taking a Fourier transform. As shown in the insets of Fig. S4 , the oscillation frequencies are the same for the two doping levels within our experimental resolution. [3] are plotted as squares with accompanying fitting errors shown in gray. Solid lines denote fits to a bond operator model as described in [3] .
Although the static long-range antiferromagnetic order observed in the parent compound Sr 3 Ir 2 O 7 is suppressed in the La-doped metallic samples, its remnant 2D magnetic fluctuations can still survive in the metallic regime. In order to study the possibility that the low energy mode observed using time-resolved optical reflectivity originates from coherent oscillations of such a fluctuating magnetic order parameter, we measured the dispersion of magnon excitations in (Sr 1−x La x ) 3 Ir 2 O 7 using resonant inelastic x-ray scattering (RIXS) at the Ir L 3 edge. A previous RIXS study of the parent compound Sr 3 Ir 2 O 7 [4] has shown that its excitation (magnon) spectrum is fully gapped, with the smallest gap size of ∆ mag ∼ 90 meV (= 22 THz) occurring at the (π,π) point in the Brillouin zone. Upon La-doping, our RIXS data shows that these magnon excitations persist (see features labeled M in Fig. S6a,b) across the insulator-to-metal transition (x c ∼ 0.02) even though static long-range magnetic order is suppressed. By tracking the momentum dependence of this M feature in the RIXS spectra, we obtained the magnon dispersion relations (Fig. S6c,d) showing that the gap at (π,π) in the x = 0.02 (∆ mag ∼ 90 meV = 22 THz) and x = 0.07 (∆ mag ∼ 70 meV = 17 THz) samples stays at a value comparable to that observed in the parent compound. Since the frequency of the mode observed in our time-resolved optical reflectivity measurements (∼ 1 THz) is far lower than the lowest energy magnon across all La-doping values measured, we rule out a magnon origin of this mode. We also studied the possibility that the mode observed by time-resolved optical reflectivity originates from a charge neutral spin-orbit exciton mode (a bound state of a J ef f = 3/2 hole and a J ef f = 1/2 electron) that has very recently been observed by RIXS in parent Sr 3 Ir 2 O 7
